Static solution of hospital completion in Pisek by Kukla, Radim

VYSOKÉ UČENÍ TECHNICKÉ V BRNĚ  
BRNO UNIVERSITY OF TECHNOLOGY  
FAKULTA STAVEBNÍ  
FACULTY OF CIVIL ENGINEERING  
ÚSTAV BETONOVÝCH A ZDĚNÝCH KONSTRUKCÍ  
INSTITUTE OF CONCRETE AND MASONRY STRUCTURES  
STATICKÉ ŘEŠENÍ DOSTAVBY NEMOCNICE 
V PÍSKU  
STATIC SOLUTION OF HOSPITAL COMPLETION IN PISEK  
DIPLOMOVÁ PRÁCE  
DIPLOMA THESIS  
AUTOR PRÁCE  
AUTHOR  
Bc. Radim Kukla  
VEDOUCÍ PRÁCE  
SUPERVISOR  
Ing. MARTIN ZLÁMAL, Ph.D.  
BRNO 2017  













%&' ('  	
ZADÁNÍ DIPLOMOVÉ PRÁCE 
 )*+, -



































ZÁSADY PRO VYPRACOVÁNÍ  
'  %	 *






















































..	 & -  -" !	
	L'' L(
5..	5








0K.	..	 & -  -" !	
	L'' L(
5















































































































































































































































































8924:;94 4< 23=7>4>?< =@A09 B9 C>?>D;1?E1 D14>D;1;C: D;>BF0F E52>?G HIJK 6;9@A D9
E529 C10LAM9; ?1@9A75 94>0C309 FD96 92CA D9 > E52>?5 >E2<7CF6>?<L> ;?1@5 >
@>M4:@90L(,K(N)K)4EB96;4AB92C>=>2M94CF5D;5=5BF0F=>271OF=>2PAD;F=Q2>@GD5K;83
C12M94CF =>271OF 1 P;?@;< C12M94CF =>271OF C12 PAD;F =Q2>@GD5 52>?1 B9 M1D1M9C1 2>








9?V90L =1;@90L E52>5 D?3D7< C>DC< 6>CD;@5609 ;?>89CG O979M>E9;>C>?T434>C>73;306T43
D;:C143 1 O979M>E9;>C>?T43 4>C>73;306T43 D7>5=G ;@>=CF 6>CD;@5603 ;?>8F 4>C>73;306A
O979M>E9;>C>?A68FO94?GM;5O9CAE>2>?:=>29=89CA29D612>=7C:CA>=@Q?716G=>>E?>2:
E52>?G 8FPC< 1 =>2<7C< M;5O9CF >EB96;5 E529 M1B3V;:C> O979M>E9;>C>?T43 D;:C143
D0L>23VW>?<L> 1 ?T;1L>?<L> =@>D;>@5 C3;8CF D0L>23V;: E52>5 2?>5@149CC<
D49M3=>29D;>5 1 E52>5 =@>?929CG B16> 4>C>73;306A O979M>E9;>C>?A 6>CD;@5609 EB96;
E529M17>O9CC1=7>VCT0LMA671290LKC14>C>73;306<MA6712>?<29D09

F794 23=7>4>?< =@A09 B9 CA?@L 1 =>D>5M9CF 49MCFL> D;1?5 RC>DC>D;3 D;@>=CF 29D6GK






































































>?>D;1?E1 E52>?G C94>0C309 B9 ;?>89C1 B92CF4 2371;1PCF4 097694 > @>M4:@90L










;@>=G BD>5 C1?@O9CG B16>4>C>73;306< O979M>E9;>C>?< 68FO94 ?GM;5O9C< E9ML83E>?< 29D6G
;7,447>6A7C:=>2=>@>?1C<O979M>E9;>C>?T43D7>5=G=@Q89M5(,,N(,,44
E?>2>?T =7AVW ;?>8F ?T=7] 49M3 B92C>;73?T43 D;@>=CF43 29D6143K 6;9@< BD>5 73C3>?:
M1;:O>?ACG=>D?<4>E?>2:;F4;>=7AV;:4279?TV6G21C<L>=1;@1E?>2>?T=7AVWB9;?>89C
?T=7]>?T4 69@14306T4 M23?94 >@>;L9@4 ( @>X3 M1;9=79CT4 X1DA2CF4 =>7GD;G@<C94
;7',44
=>2M94CF4=>271OFB9C1?@O9C1O979M>E9;>C>?A>=:@CAD;:C1;7,,44








M79=V5B9 D>52@OC>D; D E9;>C94 83 67129CF ?TM;5O9 2> E92C:CF B9 C5;C> ?TM;5O D=@A?C:




















D`1a XG6` 1a X;6` 1a











A?@L>?A=9?C>D;?;7165 X06 ,  1
A?@L>?A=9?C>D;?;1L5 X02 ,  1
T=>P;>?A=9?C>D;?;7165 X0;4 K*  1
 >257=@5OC>D;3 
04  1
















































































CA?@L M17>O9CF 6>CD;@5609 79 ;>L>;> =@QM6545 ;?>8F =>27>OF ? 4FD;: MA6712>?< D=A@G
M943C1 ;8F2G ([ ;92G BF7 =FDP3;T A6712>?< =>4:@G ? ;<;> >E71D;3 EG7G =>D>5M9CG B16>






A6712>?A 29D61 ;?>8F MA6712 =@> O979M>E9;>C>?< D7>5=G 3 D;:CG A6712>?A 29D61 ;7













f 1 BD>5 ?GM;5O9CG DG49;@306G (g) TM;5O D7>5=Q B9 ;?>89C1 =@5;G ?AM1C< ?TM;5O9
%,,V90LCG D7>5=G41BF @>M4:@(,,N(,,44@G;F ?TM;5O9 B9C1?@O9C> ? ;7>5VW09%
44
83 @9173M103 ?TM;5O9 D7>5=Q D9 45DF ?G;ALC>5; =>2<7CA ?TM;5O M C3OVFL> =>271OF C9E> M9

















1 ?GCAVF PAD;3 D;@>=CF 6>CD;@5609 C12  E?>2>?< D;:CG D5;9@<C5 BD>5 ?G@>E9CG M
?>2>D;1?9EC<L>E9;>C5,b/fc=@QD16%,44K6@G;F?TM;5O9%445;9@<CCFD;:CG








17VF D;:C>?< =@?6G ;?>8F D0L>23VW>?< D;:CG ;7>5VW6G ,, 44K B9O 6>CD;@56PC: >22:75BF





E?>2>?T =7AVW ;?>8F ?T=7] 49M3 B92C>;73?T43 D;@>=CF43 29D6143K 6;9@< BD>5 73C3>?:
M1;:O>?ACG=>D?<4>E?>2:;F4;>=7AV;:4
E?>2>?T =7AVW B9 ;?>89C ?T=7]>?T4 69@14306T4 M23?94 >@>;L9@4 ( @>X3 M1;9=79CT4
























;@>=CF 6>CD;@5603 ;?>8F 4>C>73;306A O979M>E9;>C>?A E9ML83E>?A 29D61 ;7 , 44
7>6A7C: =>2=>@>?1CA O979M>E9;>C>?T43 D7>5=G =@Q89M5 (,,N(,,44 1 73C3>?:
O979M>E9;>C>?T43 M;5O5BF0F43 D;:C143 ;7 ,, 44 9D61 B9 => ?C:BVF4 >E?>2: E52>?G
=>29=89C1=@Q?716GK6;9@<M;5O5BFE52>?51?GCAV9BF>E?>2>?T=7AVW9D61B9=@>?929C1M
E9;>C5 ,b/  29D09 B9 C1?@O9C1 =83 >E>5 =>?@VF0L >LGE>?A ?TM;5O ;8F2G %,, 
2>7CFL>=>?@0L5 g,?MA6712CF4@1D;@5=>(,4412>?GM;5O9CF4?=>;89ECT0L4FD;90L



































>45C361PC: =@>=>B5B9 B92C>;73?A =>271OF E52>?G 0L>23V;: B9 C1?@O9C> B16> 29D6>?<
4>C>73;306<ME9;>C5,b/fK?TM;5OM>0973%,,K6@G;F?TM;5O9%44 9M3=>29D;G>
?TV09',44BD>557>O9CGC1O979M>E9;>C>?<D0L>23VW>?<D;:CG0L>23VW>?A@149C141BF
C>DC>5 29D65 ?GD>6>5%,44K @>M4:@ D0L>23VW>?T0L D;5=]Q B9 /N),44 0L>23V;:
E529 E9;>C>?AC> 1O => E9;>CAO3 D;@>=CF0L 6>CD;@560FK M9 6;9@T0L 45DF ?GPCF?1; 6>;9?CF












92C:CF 45DF M1B3D;3; 2>D;1;9PC>5 RC>DC>D; 1 ;5L>D; ;16K 1EG C92>V7> ?73?94 L4>;C>D;3
4>6@<E9;>C>?<D4:D36B9L>C90L;:C<29X>@4103KC9;:DC>D;31?G;<6ACFE9;>C5P36>71=D5
6>CD;@5609 E92C:CF L>2CT4 2@5L94 E92C:CF BD>5 =@?6G DGD;<4>?<L> E92C:CFK B9O
54>O]5BF ?TV6>?>5 @96;3X36103 D;>B96 ;>B6G D9 45DF >=F@1; > =9?CT =>?@0L 1 45DF ET;
>=1;89CG?M=:@143M2A79C>D;D;>B96D9D;1C>?F279;90LC>7>Z306<L>=892=3D5B9L>?T@>E09






TM;5O =@5;>?T0L =@?6Q ^D7>5=GK =@Q?716G_ E529 D?AMAC1 2> 1@4>?10F0L 6>VQ C1 =9?C<4
=>26712:K ?TM;5OC< 6>V9 E52>5 CAD792C: 2>=@1?9CG C1 4FD;> M1E52>?ACF TM;5O 29D96













9736>D; 6@G0F ?@D;?G E9;>C5 E529 M1B3V;:C1 =>4>0F =71D;>?T0L 23D;1CPCF0L 73V; 5 2>7CFL>
=>?@0L5 29D96 1 =>4>0F >097>?T0L 23D;1CPCF0L O9E8FP6Q =83 L>@CF4 =>?@0L5 29D96 9
D=@A?C<456@G;F?TM;5O9D7>5=Q1O9E9@=>D7>5OF=71D;>?AC1D1M>?10F23D;1CPCF;:7FD61
@>2>2@O9CF?M2A79C>D;36@G;F?TM;5O9 B9C5;C<K1EG=@10>?CF03=@>?A2:BF0FE9;>CAOK D9
=>LGE>?173 => =@10>?CF =7>V9 =>29=89C< E9M 2>;G65 D ?TM;5OFK ;B C9D4F D9 =>LGE>?1; =>
L>@CFMiC:?TM;5O9A79B9C5;C<2>2@O9;K1EG6@G;F?TM;5O9L71?C:529D96EG7>D;1?9ECF4
2>M>@946>C;@>7>?AC>=892E9;>CAOF 3E:L94E9;>CAO91=>652C9E5292>2@O9C>KL71?C:
=>652 E529 6@G;F ?TM;5O9 29D96 ?:;VF C9O BD>5 =>?>79C< >20LG76GK 1EG E9;>CAO C9EG71






892 ?71D;CF4 M1LAB9CF4 E9;>CAO9 B9 C5;C> =@>?<D; 8125 6>C;@>7 9B4<C1 6>C;@>75
4C>OD;?F 1 =>7>LG ?TM;5O9K D=@A?C>D; M1B3V;:CF 6@G;F ?TM;5O9 P3 D=@A?C>D; =Q2>@GDC<L> 1
?TV6>?<L>>D1M9CF E92C:CF 892E9;>CAOFE529=@>?929C1 M6>5V61 6>CM3D;9C09 D92C5;F4
65O979279E@14D91D92C5;FC9D4FET;?:;VFC9O,±,44
9;>C5BFD9=8929?VF4097<=@10>?CFMAE:@GK=>652B9;>;90LC>7>Z306G4>OC<>652B9
;> C9MEG;C: C5;C<K C9E> B9 6>CD;@5609 =8F73V @>MDAL7AK E9;>CAO D9 =89@5VF ? =@10>?CF0L
D=A@A0LK6;9@<45DFET;8A2C:>V9;89CG1B9B30LO=>7>L145DFET;=892945@P9C1
	@1CD=>@; E9;>C5 E529 M1B3V;:C =>4>0F P9@=1297 E9;>C>?< D4:D3 =8F4> 2> E92C:CF 9
C5;C>C9=896@>P3;41N34A7CF ?TV652>=125 P9@D;?<L>E9;>C52>E92C:CF ^K,4_ ;16K 1EG
C92>V7>6CAD792C<D9=1@103B92C>;73?T0LX@160F6149C3?15;C:CFE529@9173M>?AC>=>4>0F
=>C>@CT0L ?3E@A;>@Q5=@5;>?T0L=@?6Q1=>4>0F ?3E@1PCF0L 73V; 5=7>VCT0L=@?6Q 3CA7CF
R=@1?1=>?@0L5E9;>C5D9=@>?929D;ALC5;F4=>4>0F289?:CT0LL712F;96



















> 2>E5 179D=>] / 2CF => 2>6>CP9CF E9;>CAO9K 45DF ET; E9;>C 2Q6712C: >V9;8>?AC
9B4<C1 D9 B92CA > =@1?3297C< M?7LP>?ACF =>?@0L5 E9;>C5 =>49C5;F 6@>=9CF ?929 69
;?>@E: D4@VW>?10F0L ;@L73C 83 9N;@<490L=>P1DF B9 ;89E1 6>CD;@5603 0L@AC3; ^C1=8 M16@G;F








•  =Q2>@GDCA=>7>L1>DGD7>5=Q 1D;:C ± %44
• ;?1@D7>5=Q ± '44
• ;7>5VW61D;:C ± '44
• @>?3C1;>D;D;:C ± '44C1471;3
•   D?3D7>D;D;:C1D7>5=Q ± )44
•   ;?1@D=>2CFL>7F09D;@>=CF29D6GK?TV6>?A=>7>L1 ± %44
• @>?3C1;>D;=>2L7925 ± %44C1471;3







T=>P;>?T 4>297 89V9C< 6>CD;@5609 EG7 ?G;?>89C ?D>X;Y1@>?<4 =@>D;892F 031 
CZ3C99@




 >297 B9 D7>O9CT M=7>VCT0L =@?6Q ^29D6GK D;:CG_ 1 =@5;>?T0L =@?6Q ^D7>5=GK =@Q?716G_



















































































@A4 4>297 m^64_ m^n_
E>2 /)K/ )'K( /K%( )K/(n
E>2M=@1?1 [K [K )K) /K/)n
E>2M79?1 [%'K%) ['K'% /K,/ Kn
E>2 [(*K [''K%* /K(' 'Kn
E>2( /%K%% %,K'' (K)* K*%n








































































































[peri.cz] 2013, revize 2013
>D;5=C<MS
L;;=SbbYYY=9@30Mb=@>256;G0X4bX5D910;3>Cb1CY9C25CZ9CbD5E10;3>Cb1CY9C25CZbb0X4
L;;=SbbYYY=9@30Mb=@>256;G0X4bX5D910;3>Cb1CY9C25CZ9CbD5E10;3>Cb1CY9C25CZbb(0X4
 
 
 		-

#	"
 
# 012345671

17 

+
 $	%	


X06 0L1@16;9@3D;306A?A70>?A=9?C>D;E9;>C5?;7165
X02 CA?@L>?A=9?C>D;E9;>C5?;7165
X0;4 =@Q4:@CAL>2C>;1=9?C>D;3E9;>C5?2>D;892C<4;1L5

04 D9PC>?T4>257=@5OC>D;3E9;>C5
q05 49MCF=89;?>89CFE9;>C5
XG6 0L1@16;9@3D;306A49M675M5E9;>CA8D6<?TM;5O9
XG2 CA?@L>?A49M675M5E9;>CA8D6<?TM;5O9
r0 2F7PFD>5P3C3;97=@>E9;>C
rD 2F7PFD>5P3C3;97E9;>CA8D6<>0973

D 4>257=@5OC>D;3E9;>CA8D6<>0973
qG2 49MCF=89;?>89CF>0973C149M3675M5
Z6 0L1@16;9@3D;306AL>2C>;1D;A7<L>M1;FO9CF
s6 0L1@16;9@3D;306AL>2C>;1=@>4:CC<L>M1;FO9CF
r 2F7PFD>5P3C3;97D;A7<L>M1;FO9CF
rI 2F7PFD>5P3C3;97=@>4:CC<L>M1;FO9CF

t, D>5P3C3;97=@>6>4E3C1PCFL>2C>;G=@>4:CC<L>M1;FO9CF
 N) >LGE>?T4>49C;?=>73?9D4:@5fC129D09PFD7>)
 NK) >LGE>?T4>49C;C12=>2=>@>?T?9D4:@5f49M329D6143C1>D91)
XGY2 CA?@L>?A49M675M5;84FC6Q
	@2K0 6@>5;F0F4>49C;=83?MC365;@L73C
	@2K41N 6@>5;F0F4>49C;C149M3RC>DC>D;3
D7 =7>0L1=>2<7C<?TM;5O9C16@>509CF
 
 		-

#	"
 
# 012345671

18 

,(#"

_>5O3;<=>26712G
_;1;306T?T=>P9;
_8F7>LGD;1;306<L>?T=>P;5
_T6@9DG

